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The experimental data available for (α,α) silicon elastic scattering cross section at angles and
energies suitable for Ion Beam Analysis have been reviewed. The spectra of alphas elastically
scattered from a thick uniform silicon target were measured with a small step over the entire energy
range studied. The analysis of the data was made in the framework of the R-matrix theory, with
potential scattering being taken into account using optical model. The obtained results provide
the evaluated differential cross sections for silicon (α,α) elastic scattering in the energy range from
Rutherford scattering up to 5.2 MeV.
I. INTRODUCTION
Ion Beam Analysis (IBA) is a common and powerful
thin film depth profiling technique [1]. IBA exploits the
interactions of rapid charged particles with matter to de-
termine the composition and structure of the surface re-
gions of solids, the differential cross-section data being
needed to derive element concentrations through com-
puter simulation of measured spectra. The analysis of sil-
icon samples by IBA methods is widely used in numerous
laboratories. Since silicon wafers constitute matrices on
which semiconductor structures are built, even where the
analysis of silicon itself is not important to the materials
characterisation problem, the presence of silicon as a ma-
trix element will preclude application of IBA methods un-
less the cross-section for the reaction employed is known
in detail. There are a number of benefits in use for IBA of
4He elastic backscattering at elevated energies where the
elastic scattering cross-section is non-Rutherford and con-
sequently has to be determined through measurements
and evaluation.
Evaluation is a powerful approach that can produce
recommended cross-sections for the interaction of low en-
ergy charged particle with nuclei. The results achieved
so far are summarized in [2]. The evaluation method-
ology applied in the present work resembled a standard
approach in all respects save one. Generally established
steps starting from a compilation of relevant experimental
data followed by their examination and critical selection
were made. The specific feature of the procedure em-
ployed was adjusting of free nuclear model parameters to
fit both the available differential cross-section data and
thick target yields measured with a uniform silicon target.
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Such an approach made it possible to adjust resonance
parameters in the cases when the cross-section structure
was measured with insufficient energy resolution.
II. REVIEW OF THE AVAILABLE DATA
The differential alpha elastic scattering cross sections
for silicon at low energy were found in six papers [3-
8]. The excitation functions were obtained in the energy
range from 3.6 to 5.8 MeV for 19 different angles from
173◦ down to 82◦ in [3], at angles from 130◦ to 170◦ with
10◦ step in the energy interval of 3.1 to 7.7 MeV in [4],
and at four angles (168◦, 126◦, 89◦, 70◦) in the energy
region of 4.9 - 11.7 MeV in [5]. For the work [6] the
data are available only for 165◦ in the energy range from
2.5 to 6.0 MeV. Also in [7-8] the data were measured for
only one angle (170◦ in [7] and 172◦ in [8]) in the energy
range of 2.0-9.0 and 3.8-4.6 MeV respectively. Natural
silicon (92.23% of 28Si, 4.67% of 29Si, and 3.10% of 30Si)
was used for manufacturing targets in all the cases. The
accuracy of the measured data was reported to be 3-7%.
The measurements carried out in all the works but one
([3]) were performed with thin targets. In [3] the cross-
section was derived from the spectra of alphas elastically
scattered from a thick target. It should be noted that
the energy step in thin target measurements significantly
exceeded a typical width of the resonances specific for the
case studied and the resonance structure was smeared due
to energy straggling in the thick target measurements.
The work [3] is the only one where the resonance parame-
ters for α+28Si were derived from the experimental data.
These parameters are listed in the compilation [9]. A
striking discrepancy between corresponding energy level
parameters of 32S is observed when compilations [9] and
[10] are compared.
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III. MEASUREMENTS
The measurements were done using a 2 MV Tandetron
of Surrey University Ion Beam Centre. Two surface bar-
rier detectors were located at scattering angles of 149.2◦
and 172.8◦ determined using a beam line laser. The solid
angles subtended by the detectors were 3.50 and 1.25 msr
respectively. Electronics calibration was made with an
Au/Ni/SiO2/Si sample as described in [11]. Beam cur-
rent was 40 nA with a nominal size of the beam spot on
the target of 1 mm. An amorphised Si sample was used,
the amorphisation being achieved with a multiple energy
28Si implantation up to 2 MeV on a LN2 cooled stage.
The sharp 12C(α,α)12C resonance at 4262 keV and
16O(α,α)16O resonance at 3038 keV were used to ver-
ify the machine energy calibration. The absolute beam
energy uncertainty was estimated to be about 4 keV. To-
tally 97 spectra were measured in the energy interval of
3.7-6.1 MeV.
IV. CALCULATIONS
The R-matrix theory was employed for calculations of
the 28Si(α,α)28Si cross sections. In order to take into ac-
count tails of broad single particle resonances the phases
obtained in the framework of the optical model with
Saxon-Woods real potential well and a surface absorption
were taken instead of hard sphere ones routinely used in
the R-matrix theory. Explicit formulas can be found else-
where [12]. The cross-section for natural silicon was cal-
culated as a weighted sum of the cross-sections of its three
stable isotopes according to their relative abundance. As
far as minor silicon isotopes produce only small contribu-
tion to the sum the cross-sections for them were assumed
to be Rutherfordian.
The spectra of backscattered alphas were calculated
with account of all the broadening effects. For a given
projectile energy the corresponding depth x where the
energy of the slowing down particle reaches energy E
was calculated for each of the dσ(E )/dΩ values, stop-
ping power for alphas in silicon being taken from [13].
Then a convolution of dσ(E )/dΩ with a function repre-
senting energy spreading was made. Bohr’s theory was
assumed for energy straggling. Another convolution was
applied in order to take into account energy spreading for
the outgoing particle and the detector resolution.
V. RESULTS AND DISCUSSION
The comparison of the evaluated cross-section with the
available experimental data in the vicinity of 170◦ is pre-
sented in Fig. 1 whereas the comparison of the measured
and simulated spectra is shown in Fig. 2. As is seen from
the figures the theoretical results are in a good agreement
with experiment. The resonance parameters used in the
calculations are listed in Table 1. These parameters sig-
nificantly differ from [3]. An attempt to reproduce the
cross-sections and spectra using parameters obtained in
[3] gave unsatisfactory results in both cases. It is strange
enough that the elastic alpha width in [3] constitutes
only small fraction of the total width for the majority
of the resonances. Except for (α,γ) with normally very
small width the only competitive channel is 28Si(α,p)31P
(Q= −1.916 MeV), however calculations with parameters
from [3] produce unrealistically large cross-section for this
channel and the corresponding protons are not observed
in the measured spectra.
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FIG. 1. The evaluated cross sections and the available experi-
mental data for alpha elastic scattering from silicon at ∼ 170◦.
TABLE I. Resonance parameters for 28Si(α,α)28Si.
E lab, MeV J
pi Γlab, keV
3.876 1− 3.6
4.059 0+ 1.7
4.139 0+ 1.2
4.200 3− 1.3
4.309 0+ 8.9
4.381 3− 3.3
4.430 0+ 4.7
4.540 0+ 1.9
4.693 5− 0.6
4.821 0+ 67.0
4.900 2+ 2.1
5.069 5− 0.6
VI. CONCLUSIONS
The analysis of the present work revealed significant
problems with the available information on the reso-
nance structure observed in the 28Si(α,α)28Si scattering.
The evaluated cross section can be calculated for any
scattering angle by the on-line SigmaCalc calculator at
http://www.surreyibc.ac.uk/sigmacalc/.
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FIG. 2. Comparison of measured and calculated spectra for scattering angles of 172.8◦ (left) and 149.2◦ (right).
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